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Introduction
Masses and natural decay widths are among the most fundamental properties of bound states such as mesons. It is especially important to understand the lowest lying states of a particular flavor combination, which are sensitive to both the constituents and the binding mechanism. Here we present a new preliminary measurement of the mass of the D 0 meson, the ground state of the cu quark system, along with measurements [1] of the natural width of the D * (2010) + meson, the lowest vector state of the cd system, and the D * + -D 0 mass difference. We use the decay chain D * + → D 0 π + s , where π + s denotes a "slow" pion, and D 0 → K − K + K − π + for the D 0 mass measurement and D 0 → K − π + or K − π + π − π + for the D * + width and mass difference. Chargeconjugate decay chains are included, and implied throughout this article.
Improved measurements of such quantities require not only high statistics, but also an excellent understanding of the detector response. We focus on high signal:noise, while selecting events with a high resolution that can be constrained reliably from the data. Two approaches to this are to apply very stringent reconstruction and identification requirements to the tracks, and to select highmomentum candidates. At our center-of-mass (CM) energy of 10.6 GeV, the D mesons from B meson decay are limited to low momenta where combinatoric backgrounds are large. We select only the much higher-momentum D mesons from cc events. To minimize experimental resolution, we choose decay modes with a low Q value, i.e., modes in which the sum of the daughter particles' masses is close to the parent mass. These modes have lower statistics, but better systematics.
Charmed meson candidate selection
These measurements use a sample of 477 fb −1 recorded by the BABAR experiment [2] at CM energies near 10.6 GeV. This corresponds to roughly 650 million produced e + e − → cc events containing about 400 million D * + → D 0 π + s decays. For the D 0 mass measurement, we use the decay mode D 0 → K − K + K − π + , denoted 3Kπ, with a Q value of 250 MeV/c 2 . We consider each set of four charged tracks with zero net charge, in which the two negatively charged tracks are well identified as K − , one positively charged track is identified as a K + and the other as a π + . Then we apply a "D * tag", requiring an additional identified π + in the event, denoted π + s , such that the "correct" mass difference, ∆m = m 3Kππ s − m 3Kπ < 150 MeV/c 2 but the "wrong" mass difference
To optimize the signal:noise and mass resolution, we require: the 3Kππ + s system momentum to exceed 2.5 GeV/c in the e + e − CM frame; the π + s momentum to exceed 150 MeV/c in the laboratory frame; and all tracks to have a polar angle with respect to the e − beam direction satisfying cos θ < 0.89 in the laboratory frame, which excludes the very forward region of the detector. We then perform a kinematic fit to the 3Kππ + s system that constrains all vertices geometrically and the D * vertex to the interaction region, and we retain candidates with χ 2 < 20. If more than one candidate in an event satisfies all these criteria, we retain the one with the lowest χ 2 value. The selected sample contains roughly 4350 signal events with a peak signal:noise of 150. The K − π + (π − π + )π + s system must have a momentum between 3.6 and 4.3 GeV/c in the CM frame, the π + s momentum must exceed 150 MeV/c in the laboratory frome, and all tracks must have cos θ < 0.89. We perform a similar kinematic fit to the K − π + (π − π + )π + s system and retain the candidate in each event with the highest χ 2 confidence level if it exceeds 0.001. The selected
sample contains roughly 140 (175) thousand signal events with a peak signal:noise of 2700 (1130).
Analysis and fits
All aspects of the detector performance that affect the mass scale or resolution must be understood, and are measured where possible in the data. Particularly important, especially for π + s and other soft particles, is the energy loss experienced by a particle as it traverses the detector material. This is calculated in the track reconstruction, and can be studied using K 0 S decays. We select K 0 S → π + π − candidates with a decay vertex inside the beampipe and consistent with the decay chain
the decay pion tracks have an environment and momentum spectrum similar to those of our signal tracks. Fitting the π + π − invariant mass spectrum in bins of the lower of the two pion momenta, we obtain the measured K 0 S masses shown in Fig. 3a . There is a deviation from the nominal K 0 S mass [3] as the lower pion momentum decreases. We apply empirical correction factors of: 1.003 to the value of the magnetic field; and 1.018 and 1.059 to the energy losses returned by the Kalman filter in the beampipe and vertex tracker, respectively. With these corrections, all the data are consistent with the nominal K 0 S mass, as shown by the solid points in Fig. 3a . A systematic uncertainty is estimated using correction factors that shift the data to the ±1σ edges of the K 0 S mass band in Fig. 3a . The choice of fitting function is vital, since the width and mass results depend critically on the signal and background shapes, respectively. High signal:noise is a key feature here, but we must study the functions carefully and extensively, testing them on both simulation and data in other decay modes. The signal function is the convolution of the true lineshape with a resolution function. Since the D 0 decays weakly, its lineshape is a delta function and we describe the D 0 → 3Kπ invariant mass resolution with a Voigtian function, P(m) =
⊗ e −(m−m 0 ) 2 /2σ 2 , which is a convolution of Cauchy and Gaussian functions, where m 0 is the mass to be measured, and σ and γ are free parameters describing the shape. For the background, we choose a simple exponential function, B(m) = Ae Cm , with A and C free parameters.
The measured 3Kπ invariant mass distribution is shown in Fig. 3b , along with the fit result. The fit has good quality and returns a total signal of 4345±70 D 0 → 3Kπ decays. The fitted resolution parameter values are consistent with those from the simulation. The fitted D 0 mass is insensitive to choice of signal function. The small sensitivity to the backround function is discussed below, along with the other systematic uncertainties.
For the D * (2010) + width and mass difference, we fit the distribution of the measured mass difference ∆m = m Kπ(ππ)π s − m Kπ(ππ) . The lineshape is a relativistic P-wave Breit-Wigner function, corrected for phase space. The resolution function is a sum of three Gaussian functions and a term 76 1.78 1.8 1.82 1.84 1.86 1.88 1.9 1.92 1.94 1 
Results and conclusions
We estimate systematic uncertainties due to energy loss as described above, and by varying the shapes and parameters of the signal and background functions. In addition, we use disjoint subsets in three variables chosen in advance to address specific issues of detector uniformity and resolution: the azimuthal angle φ of the D 0 or D * candidate momentum in the detector; the candidate momentum itself; and ∆m for the m D 0 measurement or m Kπ(ππ) for the others.
For the D 0 mass, our primary result is the Q value
where the systematic uncertainty is dominated by the energy loss (31 keV/c 2 ) and ∆m variation (28 keV/c 2 ). The corresponding m D 0 = 1864.841 ± 0.063(exp.) ± 0.046(m K ± ) has a large contri-
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Precision charmed meson properties at BABAR David R. Muller bution from current knowledge of the charged kaon mass [3] . Our result, with a total uncertainty of 78 keV/c 2 is consistent with, and twice as precise as, the current world average [3] . The systematic uncertainty on Γ is dominated by the φ , momentum and m Kπ(ππ) variations, while that on ∆m is dominated by energy loss and φ variation. Our ∆m result is consistent with the current world average [3] , and a factor of five more precise. Our Γ value is consistent with the only previous measurement, and a factor of twelve more precise. We can use this result, along with our previous measurements of the D 1 (2420) 0 and D * 2 (2460) 0 widths to test the prediction of Ref.
[4] that these mesons should respect a universal coupling g = Γ/R. Using R values from [4] and our measured widths, we calculate g 2010 = 0.76 ± 0.01, g 2420 = 1.40 ± 0.03 and g 2460 = 1.15 ± 0.01, which enlarges the discrepancy seen previously in the latter two states.
